[1] In paper 1, we showed that the Heliospheric Imager (HI) instruments on the pair of NASA STEREO spacecraft can be used to image the streamer belt and, in particular, the variability of the slow solar wind which originates near helmet streamers. The observation of intense intermittent transient outflow by HI implies that the corresponding in situ observations of the slow solar wind and corotating interaction regions (CIRs) should contain many signatures of transients. In the present paper, we compare the HI observations with in situ measurements from the STEREO and ACE spacecraft. Analysis of the solar wind ion, magnetic field, and suprathermal electron flux measurements from the STEREO spacecraft reveals the presence of both closed and partially disconnected interplanetary magnetic field lines permeating the slow solar wind. We predict that one of the transients embedded within the second CIR (CIR-D in paper 1) should impact the near-Earth ACE spacecraft. ACE measurements confirm the presence of a transient at the time of CIR passage; the transient signature includes helical magnetic fields and bidirectional suprathermal electrons. On the same day, a strahl electron dropout is observed at STEREO-B, correlated with the passage of a high-plasma beta structure. Unlike ACE, STEREO-B observes the transient a few hours ahead of the CIR. STEREO-A, STEREO-B, and ACE spacecraft observe very different slow solar wind properties ahead of and during the CIR analyzed in this paper, which we associate with the intermittent release of transients.
Introduction
[2] The slow and fast solar wind differ in several ways; the values and variances of their bulk properties (densities, velocities and temperatures) and their respective composition. The slow solar wind is denser and colder than the fast solar wind [Snyder et al., 1963] and both the density and temperature of the slow solar wind measured in situ are highly variable with a 40% variance at ∼300 km s -1 [Zurbuchen et al., 2002] . The clear distinction between the fast and slow solar wind is less obvious in regions where they interact [Burlaga and Szabo, 1999] . The origin of the slow solar wind is therefore most probably different to that of the fast solar wind. The different composition of the slow and fast solar wind [Geiss et al., 1995a [Geiss et al., , 1995b Zurbuchen et al., 1999] has been related to reconnection occurring between open magnetic field lines and photospheric magnetic loops [Fisk, 1996; Schwadron et al., 1999] or to the different coronal heights at which waves deposit energy for fast and slow solar wind .
[3] Helmet streamers are particularly interesting structures of the lower corona. These comprise open field lines lying over closed magnetic loops of the photosphere. When adjacent open field lines are of opposite polarity, they can reconnect, leading to their complete disconnection [Wang et al., 2000; van Aalst et al., 1999] . The underlying regions of the helmet streamers are permeated by closed loops which can reconnect with one another creating helical fields [Gosling et al., 1995] , or simply forming larger loops released in the solar wind [Wang and Sheeley, 2003] . The closed loops of the underlying layers of the helmet steamers can also reconnect with the open field lines of the overlying layers leading to foot point exchange [Wang et al., 2000] . The band of slow solar wind, called the streamer belt, is formed by plasma streaming along the open field lines of helmet streamers. Consequently, the high variability of the slow solar wind may result from the continual activity of the helmet streamers.
[4] In situ observations of the slow solar wind provide evidence for the occurrence of foot point exchange, field line disconnection and the emergence of closed loops inside and near helmet streamers. High-plasma beta structures associated with refolded magnetic field lines have been explained as "fossilized" signatures of foot point exchange occurring at the coronal base [Crooker et al., 2004; Zurbuchen et al., 2002] . The disappearance of the fieldaligned strahl is frequently observed in situ and may result from either complete disconnection of open field lines near the Sun or interchange reconnection [Gosling et al., 2005; Pagel et al., 2005] . Kilpua et al. [2009] have observed frequent periods of counterstreaming electrons in the slow solar wind during the current solar minimum that could be related to he observation of magnetic field lines connected at each end to the solar surface (i.e., closed loops).
[5] Transients in the streamer belt region have been observed for more than a decade by the Large Angle Spectrometric Coronagraph (LASCO) coronagraph on the Solar and Heliospheric Observatory (SOHO), as described in paper 1 [see also Wang et al., 1998 Wang et al., , 2000 , and are now being imaged by the Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI) package on the two Solar Terrestrial Relations Observatory (STEREO) spacecraft (see paper 1 and references therein).
[6] This paper aims to answer two questions. The first is does the slow solar wind observed in situ by STEREO-A/B and the ACE spacecraft, during the periods of enhanced variable outflows imaged by SECCHI, contain recognizable signatures of transients? If the answer is yes, are the tracks observed clearly by the outermost cameras of the STEREO Heliospheric Imager (HI) transients entrained by CIRs, as suggested in paper 1? 2. Instruments [7] In addition to the SECCHI imaging suite described in paper 1, each of the STEREO spacecraft also carries a comprehensive suite of in situ instrumentation, including the Plasma and Suprathermal Ion Composition (PLASTIC) [Galvin et al., 2008] and the In Situ Measurements of Particles and CME Transients (IMPACT) packages. Magnetic field measurements from the magnetometer (MAG) [Acuña et al., 2008] and suprathermal electron observations from the Solar Wind Electron Analyzer (SWEA) [Sauvaud et al., 2008] , two components of the IMPACT package, are used in the present study together with the solar wind ion moments derived from measurements made by the PLASTIC package. In situ measurements of near-Earth solar wind electron and ion as well as suprathermal electrons made by the Solar Wind Electron, Proton, Alpha Monitor investigation (SWEPAM) [McComas et al., 1998 ], solar wind composition measured by the Solar Wind Ion Composition Spectrometer and the Solar Wind Ion Mass Spectrometer (SWICS/SWIS) [Gloeckler et al., 1998 ] and measurements of the magnetic field by the magnetic field investigation (MAG) [Smith et al., 1998 ] on board the Advanced Composition Explorer (ACE) are also used in the present paper. As we shall see, the combination of the STEREO-A and -B spacecraft and ACE form an ideal constellation of spacecraft to study solar wind structures near 1 AU.
Predicted Transient Impacts
[8] In paper 1, we presented evidence of intermittent plasma release from a corotating source as imaged by STEREO HI. In the following analysis, we use the fitting of transient tracks in the J-maps from paper 1 to determine if any of these transients could have been detected in situ. The frequency of the release of the transients by helmet streamers (every few hours) and their limited longitudinal extent (likely <10°) suggest that a transient measured in situ by one STEREO spacecraft is likely not to be observed in situ by either the other STEREO spacecraft or ACE; the longitudinal extent of these small transients is probably smaller than the minimum angular separation between the three spacecraft during September 2007 (14°). September 2007 was marked by a profusion of tracks in the J-maps derived from the HI images (see paper 1), which is indicative of high streamer activity. As a consequence, the slow solar wind measured in situ by STEREO-A, B and ACE in the vicinity of CIRs is expected to contain signatures of small transient events swept up into the CIR.
[9] Three different CIRs were imaged by HI on STEREO-A and -B (see paper 1) and up to 6 transients were observed to be entrained within each CIR. However, only one CIR was imaged continuously by the HI cameras on both STEREO-A and STEREO-B; we present the in situ analysis of this CIR in the present paper (i.e., CIR-D from paper 1). From Tables 1 and 2 of paper 1 we can determine if any of the transient would be expected to impact ACE, STEREO-A or STEREO-B during the CIR passage. Tables 1 and 2 of paper 1 are partially reproduced and extended in Tables 1  and 2 of the present paper. The label, time at 5°elonga-tion, and estimated speed of the transients imaged by HI on STEREO-A are given in Table 1 . The angles of propagation of each transient relative to ACE (Db (ACE,T)) and STEREO-B (Db (B,T)) are also shown. An impact with either spacecraft is expected when the angle of propagation of the transient relative to that spacecraft is zero or consistent with zero within error (WE) limits. The "Impact?" entries in Table 1 show that none of the transients mapped by STEREO-A was predicted to impact ACE or STEREO-B.
[10] Table 2 ; we therefore predict an impact at ACE (∼1 AU) on 20 September at ∼0900 UT.
[11] The impact predictions are limited by how well the entrained transients are observed by the HI cameras. The results presented in Tables 1 and 2 of paper 1 show that the HI cameras on STEREO-B, HI-B, have a greater tendency than the HI-A cameras to observe transients propagating with small longitudinal separation angles (b). A physical explanation for this effect may rely on the orientation of the transient relative to the line of sight. Figure 1 of paper 1 presents typical Archimedian spirals along which the CIRassociated density pileup usually develops. Three arbitrary lines of sight are shown in Figures 1a and 1b of this paper, the HI-A and HI-B fields of view, respectively. The integrated white-light signal detected by HI-A should be enhanced along the Archimedian spiral during observations of CIR propagation at large rather than small longitude angles relative to the spacecraft. In contrast, the HI-B cameras will integrate light scattered over a greater portion of the CIR spiral for small b angles (see Rouillard et al. [2009a] for a more detailed description of this effect). This effect has been modeled using ray-tracing techniques, including the effect of Thomson scattering, for the HI fields of view [see, e.g., Howard et al., 2008] . The list of fitted transients presented in Table 1 or 2 is limited by the geometry of the observed interplanetary events. transients may have been passing through the STEREO-A (B) HI images undetected and yet may have impacted ACE or STEREO-B (A). Section 4 presents a discussion of the in situ observations in terms of these predictions. 2j , and 2r), and density (Figures 2f, 2n , and 2v). The stream interface (SI) for CIR-D, where slow, cold solar wind is followed by fast solar wind [Burlaga, 1974; Gosling et al., 1976] , determined for the three spacecraft is marked in Figure 2 . STEREO-B, ACE and STEREO-A were located at heliographic latitudes of 7.3, 7.1 and 6.5°, respectively, and therefore sampled different parts of the same CIR. Helios observations have revealed that a latitudinal separation of only 1°between two spacecraft can lead to significant observational differences as they observe different latitudinal slices through the same coronal hole [Schwenn and Marsch, 1990] . Rouillard et al. [2009a] presented such observations of a latitudinal variation in the solar wind speed of a CIR observed by the STEREO and ACE spacecraft in July 2007. In the present study, STEREO-B, ACE and STEREO-A were located at Carrington longitudes 277.7, 291.9 and 309.1°, respectively, which corresponds to a minimum longitudinal separation of 14°between any spacecraft. Opitz et al. [2009] showed, using STEREO in situ data, that after adjusting for spacecraft location, the correlation between solar wind bulk velocity measurements at STEREO-A and STEREO-B decreased with increasing time difference. Hence some of the interspacecraft differences between in situ observations of CIR-D presented here will be related to spatial and temporal variations in the CIR.
In Situ Observations of CIR-D
[13] The magnetic field azimuth fluctuated around 135°b efore and after the CIR passage (Figures 2c, 2k , and 2s). 
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The pitch angle distribution of suprathermal electrons (250 eV for STEREO-A/B and -272 eV for ACE) shown in Figures 2a, 2i , and 2q can be used to study the connectivity of interplanetary magnetic field lines with the solar surface [e.g., Gosling et al., 2005; Owens et al., 2008] . Solar wind electrons can be typically classified into three distinct populations. The main component corresponds to the thermal core electrons representing 95% of the total electron density. The remaining 5% comprises the suprathermal nonMaxwellian halo, distributed isotropically in velocity space, and the strahl. The strahl is mostly aligned in the direction parallel to the interplanetary magnetic field and, largely, moves away from the Sun [Feldman et al., 1975; Pilipp et al., 1987a Pilipp et al., , 1987b Owens et al., 2008] . The pitch angle of the strahl electrons does not change before and after the CIR passage (remaining at 180°) which shows that none of the three spacecraft crossed the HCS.
[14] There are no signatures of high-beta structures (Figure 2w ), long-lasting directional changes in the magnetic field (Figures 2s and 2t ) nor unusual pitch angle variations ( Figure 2q ) associated with the passage of CIR-D over STEREO-A. Of interest, however, is a period of bidirectional suprathermal electron (BDE) fluxes two days before the CIR arrival at STEREO-A (19 September at 1200 UT) lasting 12 h (Figure 2q ). These BDEs could be related to the passage of closed magnetic field lines over the STEREO-A spacecraft [Gosling et al., 1987] . This transient signature is observed in the slow solar wind well ahead of the CIR and so it was therefore not entrained by the CIR. Moreover, as it is not associated with a significant density increase, it did not have an associated white-light signature in the HI images. The predictions in Table 2 show that transient e entrained by CIR-D (5 ± 9°) may have impacted STEREO-A; however, no clear in situ signature is observed. The transient may have just missed the spacecraft.
[15] As well as observing the same CIR-associated density enhancement seen in situ at STEREO-A, STEREO-B measures an additional density increase, 12 h before the arrival of the CIR (0600 UT on 19 September), again inside the slow solar wind region. This region of denser plasma is not correlated with an increase in magnetic field strength but rather a drop in field strength (Figure 2b ) and is therefore marked by a very high plasma beta (Figure 2g ). This feature is coincident with a local reversal in both the magnetic field azimuth and elevation ( Figure 2c ) and its passage is also marked by a significant dropout in strahl electrons of 250 eV electrons. Such a feature is termed a strahl electron dropout (SED) and is associated with the disappearance of the fieldaligned strahl. SEDs are frequently observed in situ and are a phenomenon indicative of the passage of magnetic field lines that may have reconnected near the Sun (and indeed may be disconnected from the Sun) [McComas et al., 1989; Gosling et al., 2005; Pagel et al., 2005; Crooker and Pagel, 2008] . The density increase associated with this transient structure is about a third of the later CIR-associated density increase. However, no clear track in Table 1 can be associated with it. From its in situ speed and angle of propagation, we predict that a density increase associated with this SED should appear in the HI-1A images on 15 September. HI J-maps from STEREO-A presented in Figure 9 of paper 1 do reveal that two tracks appeared on that day. These tracks faded away very quickly and could therefore not be fitted accurately to estimate the transient's trajectories. The latter structures are probably that of transients which have not been swept up by CIRs. We cannot thus make a clear association with the SED observed in situ.
[16] Signatures of a typical CIR passage are observed at ACE around 20 September, with a clearly identifiable SI. The suprathermal electron pitch angle distribution is particularly interesting as a clear period of BDEs can be observed on 19 September at 0600 UT, lasting nearly 24 h. Figure 3 presents a subset of the ACE data shown in Figure 2 covering the interval during which ACE observed the BDEs in the slow solar wind. The very low electron fluxes at 90°around 2000 UT on 19 September are likely related to Halo depletion at 90°pitch angle commonly found within CMEs [Gosling et al., 2001 [Gosling et al., , 2002 . A period of low plasma beta and solar wind temperature accompanied by rotating magnetic fields and increase in field strength satisfies the conditions set by Burlaga et al. [1981] to classify it as a magnetic cloud (MC).
[17] A force-free field fit to the magnetic field inside the magnetic cloud (MC) is used to determine whether the period of significant out-of-ecliptic magnetic fields and strong BDEs observed at ACE is associated with the passage of a flux rope; the fitting technique is the same as that used by Rees and Forsyth [2004] . The azimuth, elevation and strength of the magnetic field was successfully fitted by a force-free field. The fitted flux rope is found to have righthanded chirality, and the MC axis orientation in Radial Tangential Normal (RTN) coordinates is found to be approximately (−0.25, 0.12, 0.96) . This orientation corresponds to a cloud axis orthogonal to the RT plane (i.e., a nearly vertical flux rope), and 25°from the nominal azimuth angle of the background Parker spiral field ( = 135°, = 315°). The force-free field fit could not be extended beyond 1400 UT on 20 September, as this time marks the SI crossing and passage into the fast solar wind.
[18] The ACE spacecraft passed through a small MC at the predicted arrival time of transient d. The entire MC does not appear to have a closed topology as the BDEs cease several hours before the end of the MC (determined by the end of the field rotation in Figure 3d ). This is not unusual and is probably related to the occurrence of partial magnetic reconnection at one foot point of the flux rope near to the Sun Rouillard et al., 2009a] . The speed of the magnetic cloud decreases from 350 to 320 km s −1 as it passes over ACE suggesting that it is expanding along the radial direction. This is commonly observed in in situ measurements [Klein and Burlaga, 1982; Lepping et al., 2008; Owens, 2006] and recently in white-light observations made by HI [Rouillard et al., 2009b; Davis et al., 2009] . Figure 3i presents [Hirshberg et al., 1972; Neugebauer and Goldstein, 1997; Zurbuchen et al., 2002] . Unfortunately, there are large data gaps during the interval shown in Figure 3i ; however, the ratios are enhanced when ACE enters the MC. A few hours later, the ratio of O 7+ /O 6+ drops from >0.1 to 0.04 when ACE exits the MC to enter the CIR flows. The region of interaction between the MC and the CIR, located on the sunward flank of the SI, is marked by an increased solar wind density and the presence of a forward shock (FS). CIR-associated shocks are rarely observed inside of 1 AU, it is likely both 
Discussion and Conclusion
[19] This second paper presented an analysis of in situ observations of a CIR (CIR-D from paper 1) which entrained transients at or near the longitudes of either STEREO-A, STEREO-B or ACE. CIR-D was predicted from HI images to entrain at least one spacecraft-impacting transient. Impact is confirmed by the ACE in situ observations. We associate the HI observations of transient d (Table 2 ) directly to the interaction of an expanding magnetic cloud into CIR-D. The MC was not associated with an increase in plasma density ahead of the flux rope, which suggests that HI could not detect the leading edge of the transient as it progressed through the interplanetary medium. Multiplying the average speed of the ICME (330 km s −1 ) by the duration of CME passage (∼24 h), one finds an ICME radial size of roughly 0.2 AU; this size is typical of ICMEs at 1 AU. Yet no clear ICME onset were observed in the solar data; no flare, filament eruption nor EUVI waves were observed in particular.
[20] Figure 4 presents a possible sequence of events which may have led to the observations of SEDs and BDEs at the ACE and STEREO spacecraft. In this scenario, a connecteddisconnected bundle of magnetic field lines is released from the Sun and convected outward in the slow solar wind. The MC is entrained by the CIR roughly along the longitude of the Earth leading to a local increase in the CIR density. The STEREO-B spacecraft observed primarily the SED associated with the disconnected field lines which may or may not be related to the MC seen at ACE.
[21] We note that transients which are continually released in the slow solar wind but are not swept up by a/the CIR will leave a strong signal at the sunward edge of the HI-1 images but these will fade away quickly as they are not entrained and do not interact with the CIR. Such features are probably seen in the J-maps from both HI-1A and HI-1B as the ephemeral increases in coronal brightness (described in paper 1) that are visible only out to elongation of less than 10°. The SED observed at STEREO-B ahead of CIR-D may well have been associated with one of these short-lived brightness increases at the coronal base. The sequence of events at CIR-C (see paper 1), although not shown here, provides supplementary information on the condition of the slow solar wind during the period of frequent transient releases observed by the HI instrument. Additional transients were observed in situ in the slow solar wind, including BDE events associated with the passage of closed field lines. High plasma beta structures, marked by temporary reversals of the field line orientation, were also observed in the slow solar wind ahead of CIR-C. Hence these additional observations support the presence of frequent transients in the slow solar wind. The presence of partially disconnected field lines, refolded field lines and closed magnetic field lines have been inferred from numerous studies of the slow solar wind observed both in situ and in white light [Wang et al., 1998; Crooker et al., 1993; Zurbuchen et al., 2002] . This study provides the first direct link between these streamer events and the transients observed in the slow solar wind by previous authors. Rouillard et al. [2009a] present a case of a small magnetic cloud entrained by solar wind streams during July 2007 while Kilpua et al. [2009] find evidence of closed field lines permeating a significant fraction of the slow solar wind. All in situ observations of entrained streamer blobs have so far shown that they are magnetic clouds with helical topology [Rouillard et al., 2009a] . Recently Sheeley et al. [2009] presented evidence for streamer blobs possessing flux rope topologies, this latter study provides additional evidence for frequent helical magnetic fields expelled by helmet streamers.
[22] It would be very interesting to carry out additional in situ statistical studies of the emergence of helical fields inside the slow solar wind and on the boundary of coronal holes in the manner of Cartwright and Moldwin [2008] . It is clear from the HI observations that transients are continually emitted, even during these years of extremely low activity and it is yet unclear what the role of helical fields and other magnetic structure plays for the long-term evolution of the coronal field [Lockwood et al., 1999; Rouillard et al., 2007; Owens et al., 2007] . duced by a consortium of RAL (UK), NRL (USA), LMSAL (USA), GSFC (USA), MPS (Germany), CSL (Belgium), IOTA (France), and IAS (France). The STEREO/SECCHI data were obtained from the World Data Center, Chilton, UK. The PLASTIC and IMPACT data are produced by a consortium of the CESR (France), the University of New Hampshire, and the University of California. The in situ data presented in this paper were partly obtained from the UKSSDC World Data Center, Chilton, UK.
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